) with left ventricular hypertrophy and normal cavity size. 17 had stenotic or replaced aortic valves, 14 had hypertension, 9 had hypertrophic cardiomyopathy and 2 had left ventricular hypertrophy without obvious cause. 17 normal people (mean (SD) age 47(20)) were used as controls. Results-The values of QRS duration segregated into two normally distributed populations, with a cut off point at 135 ms. When patients with QRS duration of < 135 ms (n = 30) were compared with those with QRS duration of ) 135 ms (n = 12), there were no significant differences in age, heart rate, left ventricular size, shortening fraction, left ventricular mass and total QRS amplitude. Both the PR and QT intervals were, however, longer in patients with a QRS duration of > 135 ms, and the extent of incoordinate left ventricular wall motion during the preejection period was greater. When it was < 135 ms the QRS duration was strikingly correlated with left ventricular mass (r = 0.81, p < 0.01). The onsets of transverse septal motion and of posterior wall thickening were normal, as were the onsets of the longitudinal motion of left, septal, and right atrioventricular junctions. When the QRS duration was > 135 ms the onset of transverse septal motion and of the longitudinal right atrioventricular junction were both normal, but that of the posterior wall thickening (p < 0.01) and the longitudinal motion of the septum (p < 0.05) and lateral left ventricular wall (p < 0-01) were significantly delayed.
Peak rates of left ventricular dimension decrease (p < 0-01) and increase (p < 0-01) were both reduced, as were the peak rates of the long axis shortening of the septum (p < 0.01) and left atrioventricular junction (p < 0.05), whereas the peak rates of posterior wall thickening and thinning did not differ between the two groups. Mean isovolumic relaxation time was longer (p < 0.05) in patients with QRS duration of >i 135 ms and the peak velocity of the A wave and thus the A to E ratio was greater than in patients with a QRS duration of < 135 ms and that of the E wave was similar in the two groups. The times from the onset of the QRS complex to aortic opening (pre-ejection period) and closure were taken. Isovolumic relaxation time was measured as the interval from aortic closure (A2) to mitral valve cusp separation.
The traces were digitised9 and the following measurements made: (a) peak rate of left ventricular dimension fall and increase; (b) peak rates of posterior wall thickening and thinning; (c) the time intervals from the onset of QRS complex to those of septal motion and the posterior wall thickening, and hence the time delay in the onset of posterior motion with respect to that of the septum; (d) transverse dimension changes during pre-ejection and isovolumic relaxation times expressed as a percentage of the overall dimension change.
Long axis M mode echocardiograms were recorded of the lateral left and right atrioventricular junction and septal sites,'0 from which we measured the time intervals from the onset of the QRS complex to the onset of longitudinal motion in all sites. The time delay in the left ventricular free wall motion relative to the right was taken as the time from Q to the onset of motion of the left atrioventricular junction minus the time from Q to the onset of motion of the right atrioventricular junction. The time delay in motion of the septal long axis relative to the right atrioventricular junction was derived in the same way.
PULSED DOPPLER RECORDINGS
Mitral forward flow was recorded in pulsed mode with a Hewlett Packard Sonos 1000 system and a 3-5 MHz transducer or a Doptek Spectrascan system and a 2'0 MHz pencil transducer. All Doppler recordings were made with simultaneous electrocardiogram and phonocardiogram at a paper speed of 100 mm/s.
STATISTICAL ANALYSIS
We obtained the measurements from three successive heart beats, and overall values were expressed as mean (SD). The distribution of the values of the QRS duration was assessed by the normal plot method." 12 left ventricular wall motion during the preejection period was greater. When QRS duration was < 135 ms, it correlated inversely with the QRS axis (r = -045, p < 005). This correlation became insignificant (r = 0 28) when the QRS duration was > 135 ms although the correlation was higher (r = 0 -70, p < 0 01) in the whole population.
THE EFFECT OF LEFT VENTRICULAR MASS ON ACTIVATION
Left ventricular mass had a very significant effect on QRS duration (fig 2) when it was <135 ms (QRS duration = 67-8 + 008 x LV mass, n = 30, r = 081, p < 0 01), yet this effect became insignificant at a QRS duration of > 135 ms (r = 0 30, NS). In patients with a QRS duration of > 135 ms the mean left ventricular mass was not different from that in the other patients, and the increment of QRS duration above that predicted from left ven- m/s, p < 0-01) in patients with a broad QRS complex. The A to E ratio was thus higher (table 4). An initial statistical analysis of values of QRS duration in the sample of the patients we studied showed it to be bimodally distributed. This makes it unlikely that a single mechanism of prolongation was operating in all the patients. On this basis, therefore, we divided our sample into two groups, studying those with a QRS duration of <135 ms (the cut off point), separately from those in whom it was > 135 ms. We noted that the two groups did not differ with respect to age, heart rate, left ventricular mass, or QRS amplitude.
The patients in whom QRS duration was <135 ms formed a homogeneous group. In cardiographic terms, the mean value of the PR interval was normal and the QRS axis tended to move to the left as QRS duration increased. A characteristic feature of the group was the close correlation of QRS duration with left ventricular mass, this being much the most important source of QRS variance. Overall contraction velocities were normal as assessed by peak rates of dimension shortening and wall thickening, and by the duration of the pre-ejection period. Also, there was no evidence of significant regional incoordination: changes in cavity dimension during the preejection period were small, and differences between the onset of septal and posterior wall motion in the transverse axis, and between right and left sided long axis were all within normal limits. Although some patients had a QRS duration >120 ms, thus fulfilling the classical criteria for left bundle branch block, none showed an early or late septal dip, or delay in the onset of posterior wall motion as previously reported in this condition. 14 We conclude, therefore, that in patients with left ventricular hypertrophy and normal cavity size, prolongation of the QRS duration <135 ms is a simple function of hypertrophy itself. The presence of an activation abnormality, even when the classical criteria for left bundle branch block are fulfilled, does not seem to be associated with any important disturbance of systolic function.
The implications of a QRS duration of > 135 ms are different. There was no longer any correlation with left ventricular mass. The pattern of ventricular contraction was greatly modified, in that peak rates of systolic shortening were reduced. At the same time, left ventricular contraction became strikingly incoordinate. There was a significant change in transverse dimension during the pre-ejection period; the onset of posterior left ventricular wall thickening and of lateral longitudinal shortening were both delayed, by about 50 ms with respect to the other group. In contrast, the M mode measures of diastolic function, peak rates of dimension increase and wall thinning, although both reduced, were no more so than in patients in whom the QRS duration was >135 ms. There was a small but consistent increase in the height of the A wave on the transmitral Doppler trace, whereas that of the E wave was unaltered in patients whose QRS duration was > 135 ms. This was probably the result of the 30 ms prolongation of the PR interval, which, at the same RR interval, would result in the A wave being superimposed somewhat higher on the declining E wave. ' This study has clear limitations. We have not succeeded in distinguishing the effects of hypertrophy from associated changes in left ventricular histology such as fibrosis. We have assumed that the 12 lead electrocardiogram accurately reflects ventricular activation. In dilated cardiomyopathy, we have clear evidence for concealed activation where it can be detected only by a signal averaged electrocardiogram, although it has well defined mechanical consequences (unpublished data). We have also assumed that the onset of local motion is equivalent to that of local tension development. This is likely to be the case when contraction is incoordinate during the two isovolumic periods, but less so when changes in cavity shape do not occur during isovolumic contraction. In the presence of aortic stenosis, increased systolic loading may reduce shortening rates at any given stress level, so that peak shortening or thickening rates are of limited value as measures of local function. We were unable to show any difference in the frequency or severity of aortic stenosis with activation, so we think that such values could be used semiquantitatively.
Our results seem to have clinical consequences. They confirm the close relation between disturbance of activation and the pattern of ventricular contraction, both its velocity and the degree of its coordination. They further indicate the independence of M mode measures of diastolic function from events during systole. They show that even a simple analysis of the surface electrocardiogram may give useful information, raising the possibility
